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Ultrasonic wel.diDg, a newly developed, solid state, non .. fusion process· 

for joi.ning sheet metals 'Tiithout sol.ders, fluxes, or filler metal.s 

appears to be superior 1Xl some respects to electrical resistance welding. 

A l1mi ted evaluation of s:pecimer.~.a of X...~20-T6 aluminum alloy, tu.rniahed 

to H.A.C. by Alcoa's Research Laboratories, indicates that more 

comprehensive test wrk shoul.d be done in an e!'tort to quality this 

process tor manufacture of' production parts ot various structural 

alloys at M.A.C. 
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A I.lMI'IED EVAWATIOtl OF UI!l'RASONIC SPOT WEIX 111 
~JYt X2020-T6 AillMDIDM AUDY SHEET 

4 

l.F.~ evaluation of ultrasonical.l.y spot veldecl. -.poeimen8 of X2020-T6 
aluminum alloy, turnished to M.A.C. by Al.coa Rese8.rch LBboratorieo~ ba."l been. 

completed. Specimens consisted of' sillG).e spot lap shell:'., ov~rlappi.::g sy;t. 

seams across 3/4'' Wide strips, and overlapping spot seams lengthviee of 3/4" 

'Wide strips. 

Eval.uation consisted of strength t.ests of' the single spots and the ov~r lap~ing 

spot seam velds across the specimen 'Width. Metillograpuc e.xsminations were 

made of' the long1 tudinal. overlapping spot seam specimens and of' the croe.s sem 

velds a.ft.cr the strength tes.=J ( 
~, ~ 

Results were encou.ragi.ng in tbat strength testa indicate superior strecgth ot 

the \l.ltrnaonic velds in com.partson to electrical resistance velds. Defo:t"m9.t!on 

is slight, and the velds a.re f'ree of' cr&Cks and internal voids. 

In order to qual.ii'y the process f'or \Ul~ at M.A .. C .. , fUrther test vork is 

required to establish fatigue characteristics and the application of the method 

to vArious structural alloys and thicknesses. 

2. DrrRODUCTION: 

Ultrasonic welding is a non-fUsion, solid state process for joinins metals 

without the aid of' solders, fluxes, or filler metals. The wrk pieees are 

clamped at relatively low static pressure 'between a som trode and an anvil; 

ultrasonic energy is delivered to the joint zone through the son•trode f'or a 

' ' 
brief' interval, usually o. traction of' a second, to accomplish the weld. A 

i:letalluraical bond is produced which does not. hAve the cast met.:U and bent 

affected zones characteristic of fusion and resist~~~e welding. L"'l~entntion 

of' the surface is very slleht a.."'ld mechanical propertieo of the m.tlter!al tU"e 
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not appreciably attected •. 

Develo;pnent ot the process has taken several years, st.a.rtinc with toll t,au .. ~es 

of aluminum and progressing to a thickness of .l2~ inch. In Olldi tion to 

Joining o.l:u:minum, other metals and combinations. of metals can be ultrR.Souically 

bonded. 

Some of the advantages cl.a1med tor the ultrasonic weldi.Dg method are as follows: 

Dissimilar metals may be Joined 

Thin sheets may be Joined to heavy sections 

lDw clemping forces required result in only slight external deformation 

Electrical paver requirements. are rela.ti vely low 

Cold work or heat treat properties are retained in the -weld zone 

Pre·'W'eld cleanins is m.i.nimized 

Ultrasonic spot welding equipnent is commercially available in sizes up to 

40oo watts. The 4ooo watt machine will handle the high strength aluminum 

aJ.loys up to .oBo inch· thick for the thinner member. Ultrasonic roll sc&'l 

welders have been developed and can be supplied to meet special applications. 

This new method of welding is of particu.l.a.r interest to M.A.C. for the 

fabrication of continuous gas tight velds 1n high strength heat treated 

materials without impairment of mechanical properties., 

3. \WRK PERFoRMED; 

At the request of MoA.c· .. Advanced Des.ign1 specimens of ultrasonica.lly wlded 

X2020-T6 aJum1ntim alloy sheet vel"e obtained from Alcoa Research laboratories 

tor evaluation. Examples of sinslc spot and overlapping spot scam velds vere 

tur.nished. /"Material thicknesses vere: .010 to .0101 .025 to .025, and .ClO 

+ .010 to ·~ Figures 1, 2, end 3 show the configuration of the test 

s:;JeCimens. )W" ot th~ welda in tho specimens f'Uru.ished !or tb1 s eval.ua~ 
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~ vere pert~rmed on a 2 KW' ultrasonic spot welder using a 3" stf'Jl.td3l:'tl _tip./ 

Atter close exomination or the specimens to observe surface ap:peura.nce r.o.:1•l 

record visible cracks, pits, or other defects, destructive testa vere 

pertozmed to. determine mechanical and metallurgico.l cb.D+acterlstics of the 

velds. Destructive testint! consist.ed of the rollo'Will.g: 

(a) tap shear streDgth or the single s:pot velds 

(b) Tensile strength tests of the specimens haVing an overlappins 
sp>t seam veld acroso the specimen vidth. 

(c) Metallogro.pbic a.nelysis of those specimens having the overla~ling 
spot seam veld in the length direction of the . specimen. 

(d) Metallographic analysis of the transverse spot seam velds after the 
tensile test. 

(e) Photomacrographs and. photomicrographs to illuotro.te metallurgical 
effects and condi tiona at the surface and interface of the veld area. 

(f) Micro bardceas checks 'With the Wilson "Tukon" Hardness Tester to 
detemine whether a significant amount of cold l-"'rk.i.cg results from 
ultrasonic Joining. 

Specimen dimensions and weld data are shown i.i.l Table I. Test work vas 

performed by the Materials and Methods Section of M.A .. c .. GED LD.boratorias 

Department 655. 

4. RESiJLTS: 

Results· of the strength tests are shown in Table I. 

jn:e single spot lap shear specimens were pulled au ~eiv~from Alcoa .. /The 

transverse overlapping s:pot seam welded specimens were machined in the tor:n 

of standard two inch gauge length tensile specir:lens at M.A.C.,; the ga1.1ge 

s-=ction be~ .500" side with the weld at the center ot the gQ.Uge section a.r..d 

across tbe full wid, . 
~' weld section pulled out clean in all ot the single •.POt lAp ahear Sl>E"Cin:nsJ 
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C \The ~erae overlapping spot s~am veld specimens failed in a Jf18Sed. line 

closel:J toJ..J.owing the weld zone contour at the edge of' the weld. 

There was no indication of' veld interface failure ib en:y of' the specime~ 

Specimen weldment configuration is shown in Figu:res 1, 21 & 3· 

Photographs reproduced in Figures 4, 5, 6, & 7 show typical conditions of' veld 

structure and f'1 t up. 

Hardness teots made on specimen number c31, .010 + .010 to .032 thicknesses, 

are recorded on Figure 8. 

Figures 9 and 10 illustrate typical appearance ot single spot and overlapping 

SJlOt seam velds~ 

Weld grain structure at the materia.l f'ace and at the weld interface are show 

in Figures 11 and 12. 

5. DISCUSSION: 

5.1 ~sical Appearance 

The surface ap~a:rance ot ult;rasonic s~t velds is very similar to 

resistance spot welds. Electrode pick-up is somewhat of' a problem and 

causes the surface to appear rougher than 1 t actually is. Surface 

inientation is very slight; however, attached sma.ll thin flakes rJr ribbon.s 

at the edge of' the veld area were present on moat of' the spec·imens r;:;ceived 

f'rom Alcoa (See Figures 9 & 10). These flakes apP=a:r to be caused by t.ne 

slld.ing action of the sooo trode on the Slll"face of' the weldm.ent and if 

characteristic of the method would present. the problem of removal. prior 

to post weld ~J'.lrface treatment. It is probable that proper control of 

veld procedure would eliminate this conditiono 
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Distortion or warpage is very slight and the sheets surround~ ng the veld 

zone remain in close contact. 

Sur:race preparatiOn of the speeimem prior to irelding consisted of scratch 

brnsb1Jl8 both surfaces ot each component. Al.though th:l.s method apparently 

produces good welds, it is probable that cleanina ot the mzi'ting surfaces 

only 'WOUld produce similar veld results but might reduce tip stick.ing or 

}'>ick ... up. 

Other than tiny pits caused by sonotrode pick-up, and the flak1ng caused 

by son.otrode movement, the only visible detect vas a crack tram the specimen 

edge to the first spot of one of the .010 + .010 to .032 specimens which 

had the overlapping spot seam veld running across the 3/4" specimen V1dth. 

This crack vas apparently caused b;y an edge distance too short tor the 

pressure and pover used. The crack did not extend into the weld. · See 

Figure 3, Specimen C~. 

5.2 1-ieta.l.lOfF!-J?h!C Examination 

Metallographic e:~:lnation ot veld cross sections of the overlapping spot 

seams, tor both long! tudinal and transverse direction, revealed no 

cracks, voids, or conditions knoWn. to be detrimental to weld quality. 

What is apparently the Joint interface is readi~ discernible in most of 

the specimens as shown in Figures 4, 5, and 6. The clarity of the inter

face 11ne is apparently a tunction of the degree to which the oxide tilm, 

finely disintegrated by the ultrasonic vibration aud friction, is dit'f'Used 

into the grain structure of the metal. In some cases the line has 

disappeared ca:apletely v1 th grains tormed across the intertace in 

bamogeneous structure. Even ~ere the line is clearly discernible, the 

grain structure bridges the interface. Figures 4, 5, 6, and ll illustrate 

this condition very clearly. 
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One phenomeDODl of. this method ot Join1ug is the tendency o~ the inter

face line to dr.i.f.'t in an irregular manner, as show in Figure 4, ,Vithout 

a1(Plit1cant cbrmae in overall material. tbiclaJ.ess. One expl..m3ation 
... 

offered is thnt possibly the grains lose their cohesion during the 

ultras•mi'; 'Y'1bration and act l1ke a bowl ot sugar in the weld section,. 

perm1 tt4ll« oomo freedom.· ot movement tor reorientation ot grains and 

disp.,.:..;eement ot the broken oxide' film. 

'.r.l.! strength tests developed no crocks or separations at the interface 

line U1d the results ot this investigation indicate that the presence of 

the lin'~ 'liJB.Y bave no material. effect on the joint strength. Further 

tests, pnrticularly tor tati~e conditions, With specifically designed 

specimens, would be required to prove the valldi ty of this conclusion. 

What appeared, from the macrographs and micrographs, to be severe cold 

working at the surtace of the weld zone prompted· micro hardness testing 

to determine the effect of ultrasonic welding on material hardness • 

. These tests were made on a mOimted transverse cross section of specimen 

C3l, Figure 8. T.b.e results recorded on F;l.gure 8 show a loss in hard.ness 

rather than work hardenina. Figure 12, (M .. 6o-2l04), Specimen c21, shows 

the sub-surface condition magnif'ied 250 times. 

'Ihe higher magnification of Figure 12 (M-6o-21o4) Dhows that, rather 

t..ban cold work, the surface condition is caused by an extref4el.y' agitated 

grain structure, sometimes forming eddies or swirls in which grain 

'bounc1a.cy material is accumulated. Examination of micrographs of the 

etched specimens indicates that the grain boundary material is affected 

by ultrasonic energy. In same instances there is considero.ble 

refinement of the .grain structure; however, in general, at the weld 

interface there is no significant chmlge in grain shape or size o 

Application of etchant to the polished met9.llographic specimen increa:aes 
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the ats.rpness of' grain boundary outlines in the veld zone thereby clearly 

defining it~ 

Alt.hOUSh orientation or :pos1 tion of the shee'f. :faces rela.ti ve to the 

son:'Jtrode1 or power inp.lt me:t:lber, during we.lding of the specimens of this 

evaluation is not known, it is assumed that the greatest effect on 

surtace condition a:nd grain structure is on the power input· side. 

5.3 J.1echa:nical Evaluation 

rr-tb.ouab the quantity of specimens available for 'test -was G::i.'.lll, the. 

results of t.be strength tests indica·te that ultrasonic spot welding 

compares~ favorably with electrical resistance spot we~. Direct 

comparison ca:n be made from the .025 to .025 single spot velds with X2020-T6 

aluminum alloy resistance spot weld res-ulte re:ported in M.A.C .. Report 6785, 

page 22. Thirty single spot resistance weldG averaged 4o5 pounds .-l...,e.;p ___ _ 
(af ..;o, ~·I' \ 

!Pear strength, rang.i"Dg from 329 pounds to 453. pounds. The three ultra
'! 

sol:iic spot ~relds for .02511 tb:Lck X2020-T6 alloy of the present 

eva.lua.tion averaged 553 :pounds l."i th a range of 538 to 566 pou~ 

Comparisons for the other sheet combination listed in Table I of this 

report are not available. 

r Tensile tests of' the overlapping spot seam ul.trasonically welde9- specim~_ns 
~cof j Ol /.J I::.) 

indicate that stxength approaching the ultimate tensile strength of the 

unwelded mater:i,al ia obtain~ Specimen configuration is slJ,own 'Wit:h 

Table I. r Re~ts of tensile strEmgth test of' X2020-T6 oJ.loy recorded 

in M.A.C. Report 6785 show an e.verage ultimate tensile s~ia·eng--!..11 of 

73,500 p.s.i. for .o63 inch thick material. Considering the effect of 

bending stresses caused by eccentric loadi.Dg of the lapped Joint, 

slight thi~ in the weld areo. due to the veld..i~ operation, and stre~ 
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\-tra1:1on at tbe sharp DOtoh created at tbe Junction of' t.he veld 8.!1d 

the Joint interface, the tailing strength• ot 5l,050 to 66,200 p.s.1. for 

the three combinations tested appear to be q~i te high and mn:y approach .. 
the base material ultimate tensile strength tor the foregoing condi tiona. 

. . 
All of these specimens tailed in the same manner, in a line closely 

tollov1ng the e4ge ot the ~l4j Figure 7 shove cross sections mad.e at 

the weld center line across the specimen atter failure. ;;; evidence ot 

weld separation or failure was evid_!nt..J 

6. CONCWSIONS AND RECOMMENDATIONS: 

Results ot the work described in this report indicate that ultrasonic spot 

welds 1n X2020-T6 aluminum alloy sheet are stronger than electrical reaiste.n.ce 

spot welds made in the same type alloy. However, direct comparison could be 

made only for material thickness of .025 1ncho 

r Although ultrasonic join1Dg significantly softens the' X2020-T6 alloy 1n the 

veld zone, defamation and indentation are slight and strength properties do 

DOt appear to be mater~ effec~~ . 

~ Joint interf'ace line does not disappear completel;y in most ultrasonic 

welds; however, this condition has not beeb. shown to affect joint stre~-ih.l 

In view of the results of this evaluation and the advantages claimed for the '-\-1.1, ~·,q 

process, Department 684 will continue to keep ab:reast of the state-of-the-art 

on ultrasonic wel.ding. Future eval.uation ot the process will be conducted 

under Engineering St1.J.d7 Authorization E966l-007 1 "General Weld Improvement 

and Developuent." 



• Spec. 
No. 

A11 

A2 I 1 

C12 

"21 

lv;? 

~1 

C2 C2l 

Weld 
Con1"1g-
uration 

Single 
Spot 
Si e 

I Single 
· Sp:>t 

J Single 
s;eot I Single 
Spot I Single 
Spot 
Single 
Spot 
Trans. 
Seam 
Trans. 
Seam 
Trans. 
Seam 
Trans. 
Seam 

Material 
Thickness 

(inch) 

.010 to .012 

.011 to .011 

I .025 to .026 

1.025 to .026 1 

' .Oll plus .Oll I 
to .033 
.011 pllls .ou 
to .032 
.011 to .011 

.011 to .011 

.020 to .020 

.011 pllls ·.on 
to .032 

\ 

Spec. ' Fail.ins ' MIL-W- I Failing 
Gauge Load 6858A Stress 
Width (Pounds) Req. (p.s.i.) 

- 197 6o -. ,.. 

- 1 00 -53 
1 .. 

148 I .. 
148 l 

555 

- I li85 - -
-500" 364 .. 66,200 

.500" 310 - -56,300 

.501" 605 .. 51,050 

.5()1" 634 - 57,500 

TABlE I 
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Weld cli.iiiip. 
Time load 
(Sec.) (Pounds) 

.2 500 

.2 coo 

.35 I 500 

·35 500 

.35 500 

.8 500 

.a 500 I 
I .2 I 500 

I 
I .2 I 500 I 

-35 500 l 
.8 500 . I 

SP.ECIME:N DA':U .. UI.ll'RASONIC WEIDS m X2020-T6 AWMINUM AUOY SHEET 

Pover 

(Watts) 

l300 

l3 00 

1800 

l800 

1800 

1900 

1900 I 
1300 I 
1300 I 
1806 

J 
1900 I 
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SDD8 A 

r ~ .. J 
v 
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1 _,.., - . . ~' l J/3 tCfl.,,J.Otl - .. 

c FIGURE 1 

ULTRASONIC WELD CONFIGURATION OF 
.010" TO .010" SPECIMENS SHOWING BOTH FACES OF WElDS 

MATERIAL - X2020-T6 ALUMINUM ALLOY SHEET 
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SIRIIS B 

B 

.!···· . ' • 

SIRIIS B 

FIGURE 2 

ULTRASONIC \.JEID CONFIGURATION OF 
.025" TO .025" SPECIMENS SHOWING BOTH FACES OF \.JEIDS 

MATERIAL - X2020-T6 AlUMINUM ALIIJY SHEET 
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fled l-

Spec. c11 \~• 

Number 

c t 
• 

Negative 

c FIGURE 3 

UI.JrRASONIC WElD CONFIGURATION OF .010" + 
.OJ.O" TO .032" SPECIMENS SHOWING BarR FACES OF WElDS 

MATERIAL - X2020-T6 AlUMINUM ALlOY SHEET 
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FIGURE 4 

METAIJDGRAPHIC STUDIES OF WElD CROSS 
SECTIONS SHOWING INTERFACE DRIFT 
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~· 

" 1 

. -'~Jo:~~·-~~~J!~~--' 
·~('!"' _,_..'!It' . -· ._-. ~ . • • 

MATERIAL - X2020-T6 AIDMINUM ALlOY SHEET .010" TO .010" 
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METALI.OGRAPHIC STUDIES OF WEI.D CROSS SECTIONS 
OF .025" TO .025" X2020-T6 AllJMINUM ALlOY SHEET 

PAGE------.....;;;1~7 
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c 
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c 
FIGURE 6 

METALIDGRAPHIC STUDIES OF WEI.J) CROSS SECTIONS 
OF • OlO" PLUS • 010" TO • 032" X2020-T6 AIIJMINUM AI.JDY SHEET 
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FIGURE 7 

CROSS SECTIONS THROUGH IDNGITUDINAL CENTERS 
OF WELDS AFTER STRENGTH TEST 

MATERIAL - X2020-T6 ALUMINUM ALIDY SHEET 
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Negative M-60-2036 Magnification 50 X 

TRANSVERSE CROSS SECTION OF SPECIMEN C31 MATERIAL -
X2020-T6 AWMINUM AIJJJY, .010" + .010" TO .032" SHEET 

DIAGRAM BEIDW SHOWS TUKON HARDNESS TAKEN IN ULTRASONIC WEID ZONE AND ALSO AT 
EDGE OF SPECIMEN ourS IDE OF AFFECTED ZONE. 

- 2o8 ; 
- 122 - ~---. .... ------- ...... ........ -- ....... - - 122 --------

- 201 "'l - 1o6 
-------------=-102---~-----

~ 
-184 • 

102 

- 101 

101 

- 102 
EDGE OF SPECIMEN WEID ZONE 

FIGURE 8 

TUKON HARDNESS RELATIONSHIP OF WEID ZONE 
AND BASE METAL. LARGER NUMBERS INDICATE GREATER HARDNESS. 
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Mag. 12.5X L2. 5X 

FIGUllli ':) 

VIEWS OF BOTH SIDES OF ULTRASONIC OVERLAPPING SPOT 
SEAM WEID IN X2020-T6 AlUMINUM AUJ)Y, .010" TO .010" SHEET 

SPECIMEN NO. A22 
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FIGURE 10 

ENlARGED VIEW OF BOTH SIDES OF SINGLE SPOT ULTRASONIC WElD 
IN X2020-T6 AI.IJMINUM AI.J..DY SHEET, .010" + .010" TO .032". TYPICAL 

CoriDITION SHOWING EXPULSION AT WElD FACE. 
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c FIGURE 11 

TYPICAL CROSS SECTIONS 'l'RROUGH WElD INI'ERFACE 
OF UL'I'EASONIC WElDS IN X2020-T6 AWMINUM ALIDY SHEET 
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Negative M-60-2104 Magnification 250X 

FIGURE 12 

CROSS SECTION OF ULTRASONIC WElD AT .010" + .010" FACE OF 
SPECIMEN C21, .010" + .010" TO .032" X2020-T6 AlUMINUM ALIDY 

SHEET, SHOWING TYPICAL GRAIN STRUCTURE CLOSE TO THE SURFACE 


